GNSS radio occultations allow the sounding of the Earth's atmosphere, in particular the ionosphere. The physical observables estimated with this technique permit to test theoretical models of the electron density such as, for example, the Chapman and the Vary-Chap models. The former is characterized by a constant scale height, whereas the latter considers a more general function of the scale height with respect to height.
Introduction
Since the early 1990s, Global Navigation Satellite Systems (GNSS), e.g. Global Positioning System (GPS), have provided observational data to estimate the global vertical electron content (VTEC) of the ionosphere Hernandez- Pajares et al. 2009 [@] . Namely, GNSS radio occultation (RO) technique is a method for the study of the ionosphere Yunck et al. 2001 [@] that is based on precise carrier dual-frequency phase measurements (Lband) of a GPS receiver on board a Low Earth Orbit (LEO) satellite tracking a rising or setting GPS satellite behind the limb of the Earth Schreiner et al. 1999 [@] .
Observational data provided by GNSS are used to obtain 2D and 3D VTEC models Schaer Schmidt et al. 2008 [@] ; Juan et al. 1997 [@] . In spite of the lack of GNSS ground receivers over the oceans and in the southern hemisphere, a good interpolation strategy may yield complete and robust estimation of global VTEC maps (see Orus et al. 
[@];

[@]).
Another method for retrieving ionospheric electron density is the Abel transform inversion Jakowski et al. 2002 [@] , although the spherical symmetry assumption on the electron density distribution (electron density depends only on the radial distance) yields significant error. Improved versions are the separability hypothesis Hernandez-Pajares et al. Yue et al. 2010 [@] ; Kulikov et al. 2011 [@] .
[@] and electron density with horizontal gradients
Empirical models supported by data such as Angling & Cannon 2004 [@] do not present large gaps of data at global scale, but they rely on climatology for initialization when no fresh data are available.
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Another alternative to retrieve electron densities is ionospheric modeling from first principles Hajj et al. 2004 [@] ; Khattatov et al. 2006 [@] . For example, a Chapman model (CM) Chapman 1931 [@] for the electron density function normalized by the vertical total electron content, a.k.a. the shape function, was proposed in Hernandez- in order to obtain a 4D electron density field from first principles. It showed good consistency between the observed and predicted scale heights, and the theoretical and observed electron density profile. Nevertheless, there was a lack of local time dependency in the CM scale height H directly observed from the electron density. In CM, H is assumed to be constant and equal in top and bottom parts of the electron density profile.
In order to overcome the lack of consistency showed in Hernandez- [@], in this paper we aim to elucidate whether a linear relationship of the scale height, H, with respect to height, h, is a more realistic model similarly to the Vary-Chap model Nsumei et al. 2012 [@] . This linear model would take into account the change of the scale height through different layers in the atmosphere while, at the same time, retains the mathematical simplicity of the CM Fox 1994 [@] . This paper is organized as follows: the second section describes the method used to fit the data obtained from FORMOSAT-3/COSMIC (henceforth, COSMIC -Lei et al. 2007 [@] ) GPS occultation data. In the third section, results are shown. In the fourth section, we propose a linear monotonous evolution of temperature T in the atmosphere with respect to height h that is compatible with the linear evolution of the scale height, H. and Aragon et al. 2011 [@] ). By means of the inversion, electron density profiles (EDPs) are retrieved from the original GPS-LEO radio occultation measurements.
At this point, a local scale height value can be computed from each electron density value along a given electron density vertical profile, by considering the Chapman model Nsumei et al. 2012 [@] , which is a simple mathematical model able to account for the formation of ionized layers, in particular, and it is able to describe the major observed variations of the layers of the ionosphere, represented in Eq. 1.
where N is the electron density at height h, N m represents the maximum electron density at height h m and H stands for the scale height. On the other hand the Vertical Total Electron Content (VTEC), predicted by the CM follows Eq. 2:
Since most of the electron content is below the plasmasphere, we have adopted k = 1/2, thus better representing the predominant EDP. In this context there are at least two simple Chapman-model-based ways of obtaining the classical constant scale height H: algorithm we fit the scale height H obtained iteratively from the occultation data with the height above and below h m . We assume that, although, in general, the relationship is linear, the slopes above the top and below the bottom sides may be different, namely: below the maximum of electron density and perturbations of the electron density such as scintillation. Fig. 2 is representative of the data set. More often than not, above the maximum, the data is further linearly correlated with height than below. Therefore, we focused the analysis on the upper ionospheric layer, i.e above h m and below the transition height to the plasmasphere (see for instance Gonzalez-Casado et al. 2013 [@] ),which is the ionospheric region where the single Chapman layer hypothesis is more realistic.
The algorithm
The algorithm used for the LLS fit is summarized as follows:
1. A first interval is chosen with all data above h m .
Then the LLS correlation coefficient r between H and h data is computed and used
as a goodness-of-fit test. If r > (with 0 < < 1 standing for a threshold value for the correlation coefficient) and the EDP contains more than N 0 data (i.e. the minimum number of iterated scale heights), then the LLS fit is accepted.
3. Otherwise, the closest datum and the most distant datum to h m are removed from the interval. Then the algorithm goes back to the second step for a new LLS analysis.
The iteration above is performed for each EDP until r > and, simultaneously, the number of data available for the LLS fit is larger than N 0 . Should the number of data available for the LLS fit be smaller than N 0 or r < , then the EDP is dismissed. were no magnetic storms during these days, therefore they are considered as representative of quiet-conditions scenarios.
Results
Henceforth
In general, the scale height at the maximum of the peak, H 0 , and the derivative of the scale height with respect to height, ∂H/∂h, show significant dependency on LT and θ.
The latitudinal distribution in NH winter (Fig. 3 top-right) and fall ( Fig. 6 top-right ) of H 0 , on one hand, and the NH spring (Fig. 4 top-right) and summer ( Fig. 5 top-right) on the other hand, are very similar between them and quite symmetric, consistently with the seasons swap between the NH and south hemisphere (SH).
The scale height reaches the biggest values in NH winter (Fig. 3 top) , which, in general, ranges from 35 to 50 km. In NH spring H 0 remains constrained between 30 and 40 km.
The minimum is reached in NH summer ( The derivative of the scale height is always positive (Figs. 3-6 In NH summer the derivative reaches its maximum: ∂H/∂h ∼ 0.15 (Fig. 5 bottom-left) .
Finally, Figs. 3, 4 and 6 bottom-right show that in NH winter, spring and fall, respectively, the derivative is symmetric around the equator where, in general, the smallest values are located.
A Theoretical Assesment
The results presented in the previous section are not compatible with an electron density model that assumes a constant scale height. For example, in the top side of the ionosphere the electron density decreases as the altitude increases. On the other hand, the solar EUV flux increases with height (at daytime).
Consequently, as height increases, the electrons (actually, photoelectrons) are less likely to scatter with ions and neutral atmospheric gas particles and, at the same time, they absorve further energy from EUV flux, thus increasing their cooling time. If such cooling time is larger than the EUV-flux absortion time, then this unbalanced energetic process entails an increase in the electron temperature. Further work would be necessary in order to assess the validity of such hypothesis.
In addition to the linear temperature, according to Newton's law, the gravitational field also depends on the height:
where T is the temperature at height h, G is Newton's gravitational constant, R ⊕ and M ⊕ the radius and mass of Earth, respectively.
By substituting T (Eq. 4) and g(h) in H it yields
The equation above can be rewrite in terms of h − h m , thus leading to the following theoretical expressions for H 0 and the gradient of the scale height: Also note that through Chapman model, i.e. Eq. 1, the scale height and temperature are correlated with the electron density, which is in good agreement with Su et al. 2015 [@] and references therein.
Conclusions
The scale height data provided by GPS radio occultations from a receiver on board a 
